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WMMARY
..

An eial.$ticmlinvestigatioi3has‘beenmadeto Ch3termine the
relativepe33Wmance of largetai31e4s=a conventionalairplanes.
Inasmuchaa therehas been a.great. deel 9f interesbin tail-bcmm-
typeairplanes-havingonly a win& Ixmms,and &xLls,this type of
airplanehas alsobeen includedin the performancecomparimn.

Et the analysiscertah assumptionsweremade regazxiing~lght,
drag,end stabilitywhiohhavenb$ beenwhollyconfirmed.The
find-s must thereforebe consideredas tentative@ridingconfirma-
tionby additionalresearch.,The.prlncipelcmcl~ion drwn from -
this snslysiswaa that largeall-wingWillees airplanesmay have
betterperformancecharaoteris’klcsthantheirequivalentconventional
airplaneor tatl”booma+rplsnesfor cerkin hypestifmissions,

.. INTRODUCTION

.. .

In recentykai%m&h interesthas been shknmh ECU-wing+x@_less
airplsnesbecauseit has beenbelievedthatthis typemighthave -
considerablybetterperformancethan conventimslairplaneshaving ‘
a normalfuselageand tails. Some researchhas been c’onductodon .
the problemof providingsatisfactorystabilityand controlfor
tai12essairplane8.The resultsof thisresearchas swdmarized
in reference1 have indicatedthat the flyingqualitiesof tailless
airplenesmightbe made satisfactory.Beforecontinuingthe
studiesof the flyingqualitiesof tatllessqlrplenes,howm=r$ it
appearedto be desirableto detemine whetherthis type of airplane
offersany real.adwdtage”in performanceoverthe conventimlaltype.
A generaXiin3dperformancecompmxls~ of t~J-less~ c~v~tt~
airplaneshas beenmade,therefore,in en effortto determinethe
relativeperformanceof thesetwo typesof airplanes.This analysts
consideredonlyperformanceand did not includespecialconsiderations
suchas rduotion of troublesdue to compressibilityat high speeds
or faoil$tyof loadingthe airplanes.

.
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It was realizedthat taillessairplanescouldnot be expected
to showan appreciableadvantageoverthe conventional-typeairplane
unlessthe ta$llessairplenewas largeenpu@ to carryaU Its load
withinthe:W@ end thus-eltite the wholefusel”~e..A direct
comparisonof the all-wing@@lless-typeairplane.with the conventhnal-
type airplane,however,is generally’difficultBecausein orderfor _
the taillessairplane,to.hayethe same-I.+ing speedas that of a
conventionalairplehe-a lder wing loadlngis r6@iYed. This differ-
ence in wing loadingof the two types,causedby the absenceof the
tail as en efficiantmeansof trimmingwe airplaneat high lift
coefficients,immediatelysuggestedthe tatl’-boomtype of airplene,
This @pe mighthave the samewing loadingas the conventionalair-
plane,tailbooms thatare smallerand lighter,thana fuselagesand
slightlyem@ler,tail svrfaces$h4nthe conventionalairplane●, me .
tail-boomairplane,like we thil.less“atrplene,however,shouldbe
largeenou@ M carryall Its lo@ withirJthe wing.if~anyperformance.
gain is to be e~ected.. .,

The res@ts of an analysis,”whichwas made to estabiisha .
generalizedccmparis~ betweenconventional,~1-boom, and ta311ess. .
airplanesand wouldaiilIn d@ern&n@ the desirabilityof further .
rese$irchqn the tail-boompnd taillesstypes,are presentedherein.
The resultsshowthe performancep&v3ibilit*e8of the three
typesand supplyinformationthattill aid a desi$nerin selecting
the configumtionsthatwill givethe optimwnpe~o?mmce
characteristics.

= the presentinvestigaticm,calculationsweremade for the
threetypesof airplanes(conventional,tailboom,and tailless),
illustrativesketchesof whichare shownas figure1. These
skqti.hesdo not necess~ily showthe atcplanesfor whichthe
cslculatimsweremade but metielyIllustratethe generalchar-
acteristicsof the threetypesof airplanesas.theymi@rtbe
designedaccordingto the assumptionsmade.inthe presentpaper.
The perfomwznceohsracteristiciconsideredwere top qpeed,range,
rateof olinib,take-offdistance,end servicecelling. An analysis
was alsomade of the spaceavailablefor passengers,cargo.,”and
bonibe. .

The resultsof *. celmlatlons”&e presente@as plotsof the
performehcecharacteristicson idanticelmx&ktnates of powerloading

.

“ad wing loadhg; thus,the optimumperformance
set of requirenkntsis very simpleto choose.

.. .

to meet a. given
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Performancemmparisbns of’the thrbetypesof air@aneB were
made on severalbases - equalpowerloadingW@ W@ l*ing,
equallandingspeed,equaltala3-offdistance,and a requirement
specifyingnwiberof pwswprs, ZWUW~@ ~ speed”

A

l)

V

P

c
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SYMBOIS

aspectratio (b2/S)

iringspin,feet
tbtal,propulsive

brakehorsepower

.minzmumSpeci$ic

lift coefficient

d7x3gcoefficient

efficiency ..

f%al mneumption

,(4-) ~
($&w) ‘. “

. .

3

r

.

airplaneprofile-dragcoefficiint

drag coefficientdue to flap defleat@n

totaleffectivedrag coefficientfor talc3-offrun “ ‘

~uced-drag coefficient‘

drag coefficientdue to groundI%iotion. >

drag coefficientdue to landinggear

lift coefficientat instantof take-6ff .-
*

drag,pcnkde

airspeed,milesper howr exceptwhere othe~se:’WL3catd

~We&,~ksprhom “ ‘ ‘-. ~

top speed.,milesper hour

.
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klles.per hom sxceptWhez% otherwiAe
.\,. . .. . . . . .

e ... .
wingarea, eqmre feet-. -’ . ,. “

wing ohord,feet
.. .

airpl.megrossweight,pounds

wing loading,pbuIl&per square.“?oot . ~ , ‘ i-

power 16ading, POUIX%per brake horsepower -
1

InaXirnumfrontalarea of fuse-j tail bocxn,.and nacelle, . “
squarefeet

*sign loaafactor
. . ,. ..

fuelweight,pounaa. . .

ground-friction
.

thrust,pounds

spanefficiency
.

@/@=

#

P

St

R

s

Vc

Ha

vi

N.

wb

. . . .. ,

coe~iclient .’

.,

fa~tor,“ta&n.asO.&l in thisanalysis

mssmumlift-drag ratio

mass density of EWr, slugsper tibicfoot

totaltailarea,squsxefeet ..

range,miles
.

I&3-off distance,.feet - ,

rate of cl.inib,feet per mintite

serviceceiling,feet . .

indicatedalrspead,miles@r hour

number.of passengers ..

Wmib load, pounds ..
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In orderto realiz&ths mxlmmn performancepossibilitiesaf 1.
the tail-boomor taillessairplazks,all the Load shouldbe cmried
withinthe wing. TM desi’gnOf one all-winga~lane indicated
thatan aWpl.aw3C& about10,000bralmhorsepowerwas largpenough

T

to be an all-wlag‘@illessWiber and mrry alL its loadwithintha
wing● Previouscalculations,the resultsof whichare presented.
ti fig 2, WrS SJI&LYZ?dto determineapproximakdyhow mm a
tail-boomor taillessairplaneshouldbe in order‘tocarrypasse~rs
withinIts~. ~ -~ this ckrt It ws .~~ized -t, at
a givenwing loading,lowerpowerlcadd.ngindicates‘betterperformance;
thus,“i$the powerloadihgz%quiredfor a tall-bdmzor tailkss
airplaneta carrythe samenuniberof passen@s at aboutthe same
wing loadingas a conventioml.airplanewere much greaterthanthe
power loadingof the conventionalairplane,the conventionaltype
couldbe expectedto have thebest performance.me anal.Ysif3Of
figure2 indicatadthatcalculationsof relativeperformancewere

.mmxrantedfor a#rplaneswith 21,000and 42,000brakehorsepower,
but thatairplaneswith 10,500braimhorsepowerweretoo smallto
be all--g passen&eror low-densitycargo”transports..Theper:
formnce calculaticmsfor theselargerairpl+es were C-iaerea
to be indicativeof the relativeperformmldeof bonibersdown to
10,000brakehorsepower;therefore,no perfozmame calculatimswere
made for the airplaneswtth 10,500bralmhorsepower.. .,

The sametotalpowerwas assumedfor each of W ke ~ia
Qf.airplanes. The 21,000-horsepower-airplaneswre assuhedto be .
powered by six 3500 bral@-horsepowerengines;and the 42,000-horsepower
airplaneswere assumedto be poweredby twelve3500 brake-horsepower
engines. The ran= of powerloadingc0~r9a in * present!inmsti- ~
gattonwas from 4 to 28 poundsper brakehorsepowerml the range
o? w$ng loadingcoveredwas from 20 to 100 poundsper squa&efoot.

e

An aspectratioof,10 was assuredfor each of the three’@pes
of airp~s. !i!heotherwing plan-few parameterswere Dot
establishedexceptthat the thil.lessairplanesincorporatedsome
sweepso thatth6 deflectionof the high-liftfkp neea cause.no

““&aIl@.in trim. Reasonable~iatlon of the wing plan formwould ‘
not,beexpectedto affectthe performanceappmrciably.

The *j.1.lessairplanewouldprobab~ be unabk to obtainas . - “
high a valueof msxm 13ft coefficientas the cony6ntionaland
tail-boom-S ● The assumxl*USS of msximumW% coefficient .

.
..
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were2.4 for the conventionaland tail-boomairpknea“and2●O for .
the taillessairplane. These‘value,s-we~ cbnaideredto be aboutthe
msximump?aclxlcalvalues● The.flapswere aspummlto be of.the
bd~OOa-8plit-f-p~ which;-when daz-wa to SIMU w4.- for
WDy~f,, pmhce c~p==tivel.y low drag..-1.. . .

It was assumed that each of @e throb t@es ot airplaaeb I ““
shoulthave.the samedirectionalstability;the Sizesof tie ver~ical .
taiiqwere c~ti~a acoordi@Ly.9.Theareasof tlk verticaltails ,
of the”‘conventionalairplanes,the tail-boa airplanes,and
the.’t@.lessa.irplsmewere @ 9, and’15wment of t~ Wtig

..are-as,??&3pectimlys The areasof the horizontal.tailsof tbe .
c~m~ti- =a tati-booIuair@a3Ms WOrS a88umeiLtO be 18- ,
15 p?rcentof

.Appemiix
regexdingthe
airplanes.

-..

themlng axees,tispOotk@.y. .
.

A and references2 &nd 3 presentaddltiacalde’taiis‘
assumptionsconcernedwith.the *sign of the

. .

The firststep-a
for a seriesof airplanes,

“.. ,

CaJouULti.ons

- Wmr*ized perfomame calctitions
such aS was mq-a in the present

instigation, was -%0mak6 certain~nerai assumptionsi-e~ing
factors-afYe&ng the’power,drag,wei@t, and oargospace. These
assumptions,whioh“arediscussedin deta$lin appendixA, actually
constitutea furtherand more *tailed descriptionof the airplane,
thanwas givenin the precedingsectionof the text..The Jubti-
“ficationfor the fOrmulatlonof these*neral ass~tions is fully
discussedtn reference1!, After thesebasicassump’tlonswere
established,the performancecalculationswere made in a conventional
mannerfor a systematicseriesof airpUinesof varioussizes. A
detailed.description‘ofthemethotisemployedis gimn in appendixB.
The performancecharacteristics.of the variouet~s of airplanes.
were thenplotted.as fictions of powe%loadangti wing 10aa*.
This system0? presentationof the data and the use of the charts
are disousseilin appendixC. . .

Yrevious investi~~iti for convpntiopal.airplanes,including*
copparispnsof tic-a perfowcei ohe@@bristi.cswith those
masured in fli*t, *vL3.bii~ka thatall the cdctitia character-
istics,exceptrszigd;are pfibablyaccuratewithin.2”or 3 percent.
Becauseof we greateffectof structuralweighton r~, small
errors.’tiestimatingthe.stdudqal tilght may caug!eappreciable
errorin the range.co@@atZon’. -Forinstanoe,a 5-percentoh-
In s~cturdl.weighttiy ‘~ti~the computesrangeby ~0 percent.

1

. . .-. ——--m . ..-
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Experiencehas skwn *t the structW~ TOi@%s for conventioti
airplanescan be estimatedwith a fair de&6e of accuracy. The
amnmed relatiw structuralwei@s of the.threetyp3f3of ai@anes
are believwdto be quitelogical,@ the resultsof tie range
calculzi%ionsare believedto be qualitatiwJ.Ycorrectin all cases.
Nevertheless,the raageoalculati- for the tail-boomand tailless
airplarw were repeatedfor alrplazxwhaving~ and 110 percentof
the esl.dmatedstructural.weightin cinderthat the effectsof such
variationsin structuralweightmightbe titerpretea.

Xt should be pointed out that the calculated perf~~e character-
istics of thsse airplanes mqynot be directly comparable to those of
som present-dayairplaneq. ~$s fact is~truepartlybecausethe
dragind particularly the Wr5ightestimatis use~
calculationsare fair3yconsezwatiwand XM
.encesin designload factorb

.=JTS .~ DISCUSSION.

in tie present.
becauseof differ-

.

. General.Perfor@nce Comparison
.,

The results of the performance calculations are presented in
figures3 to 6 as ~neralizedperformanceselecticnchartswhich
give the performancecharacteristicsof each of the three@es
of’airplanesat each caibinationof powerloadimgand wing loading.
The chartsare plottedon ~denticalcoordinatesof powerloading
and wing loadingand may be superimposedb get-a@ner@. comparison
of the threetyps of airplanesomr a large‘rang3of powerloading
and wing loading. Figuresk and 6 em compositeselectionchsrts
presentinga directcompariso~of the top speed.,range,ad take-off
dislanhefor the conventional,tail-boom,and taillessairplanes.
Thesefigurpswere evolvedfrom the datafrom figures3 @ 5 in .
orderto facilitatethe selectionof thO properpowerloadingand
wing loadingto givethe optimumperformance.

. The selection charts (figs.3 to 6) show that, at the - -
valuesof powwrloadingand wing loading,the performanceof the
taillessairplaneswill be definitelysuperiorto eitherof the.
othertwo @pes amd tlmt the tail-boomaii?planeswill have slightly
bettirperformancethanconventionalairplanes. The differencein
top spesdand ran~ among the threetypesof air@anes iE a~ciable. .
The top speedsof the tail-boomairplaneswere of the orderof
5 US per how tastertWn thoseof @ cxxmntionalairplanes; ‘
whereas~ top speedsof the taillessairplanestied from about
25 to kO milesper hourfastertlmnthe speedsfor tie conventional

. . . .. —..—- ,------ —— —-- .-. .-.. ..-. —------ ..-, . . . . ... . . . ------- .----- -. -—- -- -
.,
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. .

airplanes. The raw3s of the tail-boonisad tailllfhairplanes “
were 1X to 800milesand 9Q0 to 2090rpiles‘~ater, kmpectivwQ,
than the rangeof tineconvmtionalairplanSs. Littleor no”
difference,however,existedamongthe.serviceodling, take-off
distanoe,and rate of clinibof the -e -s of”ajrplanes.The
servtoeceilingand take-offdiatsnceare primarilyfUnotfoti.of
powerloadingand wing loadlngjand the rate of cldaibat low altitudes
and at the speed.correspondingto the maximumlif’t4ragratio is almost
entirelya funotionof pmr loading.

....

3t app&rs that the”tail-boom@plkn6s will:ha% a mial.1
marginof perforqaqceoier the conmmrtional.airplanesand that the
tailless airplaneswill be definitelyqupmior to each of.the
othertyps. .A .direc~compariscmof the sekcti&. oliert%,hoyever,
neglectssemmxd.featureswhichare wry importantin a comparison
of the tlwee@pes of airplanes.For irktanoe,suchG coqxirison
doesnot shuwthe rehtive performance if oertain landing-speed
requirements are mat, nor adesthe :comparison indicate whether the
ahplanes will have sufficientspaoeto carrytheirpay @ad in
the form of passengersor @w-dmsity oargo. .‘Acomparisonof the
airplanesis therefwe made basedon consideration of sewml
parameterswhichm of concernto the airplane.desigr#ror operator,

PerformanceVariationswithStructural.Weight,

LandingSpeed,and Take-OffDistanoe
.

The structuralweight.of the airplaziesdoesnot affectany of
the performenoecharacteristi~sexceptthe range. The variation
of rangewith strnoturalweightfor the tail-boomand t4illess
airplanesis shuwnZn figure7 as range sekmticm chartscalculated
for the airplagesat 90 and.110percentof’the estimated.slanactural
weight. The resultsshownti figure7 are pre~entedmore simply
in figure8. The rangevariesinverselywith structuralweightand, ‘
fw mall ohangesin structuralwei@t, the variationis’almcmt
rectilinear● The range‘datamey thereforebe extrapolatedto cover
&irplaneshavingstructuralweightsslightlygreateror less th~ .
thoseused in thesscalculations.h order’to determineexact~
the effectof variationsof.structuralweight,crossplotsof @
datafrom the - selectionchartsmay be made sj.milarto those
of figure8. Figure8 shows.that a l-peroen$ reduotion tq structwxil
weight II@ increase the range of theseairplanesfrom 50 to 100 miles.

.
A comparisonof the..performanoechahaoteristicsof oonventionalj

tail-beam,and taillessa&@anes havingthe samelandingspeed. ‘
is not readilyapparentfrom exawbxrbionof the selectioncharts

/
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becauseof the lowbr.nkximumliftmdfYicient which the tailless
airplane may,IE e*cted to obtain. Figure9 I?S)Stherefo?.w.prepared
to illustratethe relatiw perfornkmceof %he.threetypesovera .
rangeof landingspeed. The da~ presentedin figure9arequanti-
tatiw31ycokrectonlyfor a powerloading.of14,but the comparison
of the three‘typesof airplanesis qualitativelycorrectat any

“ powerloading. The performancemarginof the @ii-boom airplands
over the convention&L a&@anes is the _ as -thatobtainedby a .”
comparisonon a basisof equal“~r loadingand wing lc+ng, -
because* maximumlift coefficie&t of the two types is equal. ‘
we taillessairplanes,a~in, ‘*” superior$0 eitherof the other” .
two drplane types, but the mrgin ot superiori@ is sommhat less “
than that Obtai~a wheh the comp@ison was bdseton equal@wer
loadingaad wing l-g for-each or the‘-e airplanetypes.

t Althoughth$kcomparisondoesnot show the top speedof the tailless
airplanesti be so much greaterthan the conventionalairp@ne as
a briefexaminationof the sekction ohartsmight indicatejsom6
improvemmt in the @u’formanceis ga-in6dby a shorter--off run.

.
In orderto .illustrabthe coiuparisonof the otherP&formahce

characteristicsof the airplanesfor equ&Ltake-offdistance,
figure10 was pre~a so thata performancemxiparisoncOtia%s
mule for a rangeof take-offdistawOS. rigUHI10 WW3 Cometed “
by cross-plottingthe.datafrcm the selectionch&rts-fora power ..
loadingof 14 and is directlyappli~ble @y for .jiuLs,powerloading.
S,imilarcharts,however,couldbe prepa&d for comparisonon any “
basis. The datapresentedin figure10 indicatethat the tail-
boom airplanehas a smallad.~ta~ in perfo~ o~r the conventional
airplanewhen thqir@Ice-off.ddskuxjeaare the sam3. Similarly,the
taillessairplaneis shoyn.to“bedel?~tbly superiorto eitherof
the other.airplane@pea exceptthat the landingspeed,as indicated
by the wing loading,wouldbe higher.

.. .. . ,.. .

P~rfo~e Com.ison” Baaed ~ ~ . . .. .
. .

ArbitrkryhSi~ Specification “ .
,“. ”-

The most logicalcomparisonof ti ‘perfo+memceof conventional,.
...

tail-boa, and tail.lbssahpl~s shouldbe basedon a desi~ . -
specificationsimilar“tothatwhich confrontsan airplanede~igner ‘ ,
when he commenoesthe designof.the new airplaae. A Wsign specifi-
cationwas set up which gave the numberof passen&rs”or wpightof “.
bombsto be carriedfor a givenr- by an airplanehavinga given T
Ian&& speed.-A cmparison was RELdeof the conventional.~ tail.-
boom,~ lail.lessairptis, -consistexrb with the specifications ‘ ‘.
~ hav*g the highest @Jssj.l@3 performance (top.speed, %ake-off .
dtstance,rate of clinib,ard servicecsili,ng).

,

.

. .
.

. .
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Before the proposedcomparisoncouldlx imade,it was necessary
to prepazze.an additional selection .chart to determine the load-
carrying capacity of.the +nMoue airplanes. These charts.considered.
botli“the ‘spade available fon the pm load and weight of the ~ay ;
load fm a given mange.. Such charts-arepresented in figure U. and ‘
show the titi~er of passe&gers- or amount M bcmb load that can be’
carri* for a giv6p ran&e. The charts are made up by usihg the
space charts of figure2 endan iirterpretatlonof-the rangeohar+m “
where the ilibposableloadnot requiredto obtain.thegivenrange.is’“
adeiguedas payload. The curved(left)part of the 12x18sof s.
constantload.representsthe r6@on in whichthe pay lox of the’ “..
airpltieik M.mttedby “itsweighti-eamyingcapacity,,.and the . .:
strai&t (right)partof the linesreprefientsthe regionin which
the pay lo&d of the.airpleneis limitedby the spaceavailable.for:
thatload. .“ “ ...: ., -.,..

-The.selectionchartsof.figures3,-5,E@ 11 were used @ . , . . “
deteikuinethe yeri%rmencecharacteristicsofthe best pobsible
tirplenedestgnedto meet the fo?J.owingspecificationsfor.tioth. . ,‘
“%&e42,00U-and 21,000-horsepower.a$rplsnes:. . . . ..+

. .. .
? . ..-.

Lending
speed
(r@h)

70....
.ioo
.100

Range .
(miles),.

3000;5000
3000;5000

‘%m ,

.

,.
. .., .-
3

1
.,

.1Jtoad”’. ..
.

-

Ik3sengers
Passengers
Bonibs .

,. . .

.0 1:,.

The’r&formance characte~sticsof the-alrplsnesse16ctedas
lklng.thabest perfo=ce c~ist=t ~~ a sPec+fied l%d@ . ,
speedan~ rs&e are presentedin figure12 as functions.ofthe . .
load-carryingcapacity(pamkngersor bombs). .

..
Examinationof figure12 showsthat the taillessairplanes

had the Best perfozme.uceof the threeairplane~types.for all.the
conditionsinvestigatedexcbptfox the exsmplesinvolvingpassenger.
transportshaving100-mile-per-hou??landingspeedand.3000-mile
range. F& this casethe conv~tion~ ~rpl=e~ ~re f~un~to ..
havethe best performance. . .-.
. ... ... . . . .. . .----

“.The threetypesof{air@laneswereplso c&paredion the baslw
of the sankarbitrarydesignsrpeclfication~t ~withasmmed values .

. of mm+mm lift eoe.fft@erlt:of2.0-”$or.themnvdntiwnal.@. tail:boom
,. .....”~.‘..-

......... . ., .,.. . . .!. . .
. . . . ..-. . ... ”..”

..-. ... . . .-.“. . .8... . . ....-..“ . . .. c.
.-

— _......——— —- ..—.~-- ..-._-. .-....=-.———— —-—— -....
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airplanes~a l.4for,jihetaillm3 airplanes. .The rem+ts of *S. .:,~
comparisontie “ndl?@~ese@6”d‘~~ *% were,$,** to:thelresylim... ~‘”-......’.’
shownin ~ljir,~.12’6xcept”‘@@-We ‘.mar&, !oj?Scnpe;ior:ty..o.f tile , . .. .:;
tailless’aizipl~es3jn.&b% case~-.i@&””&$@ii@d. .......z..:’.... - ... :,.S.

.. .“. .. ... ., ....’ I-.. . ..- .:”. . . .. . ‘
The re&& %h6’taifiese‘&irpl&&hara‘tie~bee~..pe~o~ce l.>or: ~-:~j

sometaskswtiieas”We cciitien%iona+.drplkpe hag,the best,pe~ormqnce ... ....
for others maybe ascerttiai *IU fi@e. U“”if it i.e recognized: , n..
that (1] at a givenwing loading,lowerpowerloadingmeansbetter
perfomauce end (2) the differenceM. wQlg loadingof the airplanes
requiredto give the samelandingspee.~is relativelymall. At
low lendingspeeds(thatis, low wing loading)the powerloading
requiredto have an airplqnel~ge eno@ to c+n?ya.givennumber
of pasaehgersts limi%edIIV,the waight-caq@@. capqcity6f..#jhs,...
airplade;whereas.at high.land.i+gspeeds{t@t i~, hi@ :*43 ?o#+@ “ ‘“.
the po~~erloadkg requiredIs limitedby the.sp~e available.%or.. .‘. =.O
psy load, Becquseof the lower structur~ weight,the ta$lles:~
airplkes-~ have..los?erpowr Iaadingsrendcamtl?“ti8s- ,wO~@~.j-_j
and hencehave the.bestperformancewhenweight=c~ing @apac+@:.~,.t+.~ .,f.
‘isthe limittngfactoras it is at low wing loadiqgs,~Si.@larly,s .~..._rlY+~:

..-.4..-

becaus~of the greatercargospaceavailaliLe,the conventional
ai*Lanes #ihve me lower power.loadtigs @l. !ettpq PWformqe..whql
cargo pdpade.is W+ limiting factqr .as i? is at high * .20*ipgs@ .
At moderate wing loadings, of course, either type of airpl~b tight
have the better perfomence depending upon the design renge.

.. %f. . .. .
.Zt is &ter@ing to note that the tail-boom drplsn& ‘have....

the limitationswhichcausedthe conventionalor taillepsairplsnes
eaohto be the poorerin a givenregion. That is, the structural
weightof the tail-boomairplaneis verynearlythe sameas that,of
the conventionalairplane;therefore,in the low wing-loadlngrsng~
wherethe weight-camyi.ngcapacityis the determiningfactor,the
performanceof the tail-boomairplaneis not nearlyso goodas that

&e
“. ..: .-’

.
>.:.

.,

. . .

. . .

.

of’the taillessairplsne. The cargo space of the tmil-bocm airplane
is the same as that of the taillessairplane;therefore,in the .
high-wing-loading range ~rheremrgo space is the limiting factor,
the perfomsnce of we tail-boomairplane,m, iS not so good
as thatof the taillessairplane,

None of the kmibersconsideredin the presmrtcqmperiscmwere
small.enoughto be limitedby the spaceavailable,therefore,the
taillessairplaneswere alwaysshownto havemuch betterperfozmsnce
then eitherthe tail-boomor the conventionalairplanes,

On the basisof the
a generalconcltiionmay
of the three@es. For

designspecificatimpreviwxX1.ydlsoumed,
‘bemade regsrdtigthe relativeperformance
airplaneshaving21,000or more brake

.

...-. ..— - —. ---- -.. -— -... .——— ----- —- — ---— ---— --—— — — ---- ..- --
-.. .
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horsepower,the U.&lng
performancefor cam@ng

. .

t@ie6EI‘airplane
Iow-amsity.cargo

I’WCATM No:.1477

. .

willhave tliebe9t “
in airplaneshavinglow “

%d.ngloadings. At ~qh W@ ‘10Sd@8 &d fd??~OW-dSIISity-C=gO,
the‘tailles&desi~ will stillbe tie best for l-ong-ren&6airjjlkee
but the cmmxrtionaldesi@ willbe the best for short-lwnge
airplanes.The tail-boom-typeairplane* neverbe ekpOctedto .
hare the.,%st performanceof the threetypes~, .-

.,
. .

CONCLUSIONS (

A comperiscmof”the calculatedperformancecharacteristicsof
conventional,tail-boa, and all-wingtailIessairplaneshaving
21,000end 42,000horsepowerindicatedthe fo310wingconclusionEI:

1. Largeall-wingtaillessairplanesmay hare betterperfozmanoe
characteristicsthan theirequivalentconventionalor teil-bocnn
airplanes,tiendesignedas bombersor l--range transports,“..

2. Conventionalairplanes’meg have the beet perfompmce of the
threetypesof airplansswhen desf.gued.as
with high~ 10ad@JSc

3,Tail.-boomalrplenes having onQ a
not smear to have as good performance as
typesfor amy type of”mlseionconsidered●

. .

short-rsnge transports

-
.

wing, l)ocmls,and tails do ~
etther.08 the other two
. . .“

. .. . . .

LangleyMemorial.AeronauticalLahoratow—.
National Advisorg Cotittee for Aeronautics

LengleyField,Vs.,March 3, 1947
~

.-
.- . . .-.

. . . . . .,
. . .

.. . .
.“ . .. . -.

. J
. .. . . ,.

-
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. .. .. .
.. .

,.., , , ~Om USED.INW@J@TIQNS ,...
... ...,. . . .“..

. . .

Th9 basic assumptions, regqr&ng pwe.r, *8, Weights$ d

passenger or ctigo space of the.:three types of airplanes (conventional,
tail boom,,and tailles~are dzscussedin the fpllowingparagraphs..

.
.’. . ,
Pow& “ :

The 21,000~horsepowera$rplaneswere ass.umodto.be powered
by six 3500-horsepowerenginesdrivingsix pairsof 15-fogtdi~~r,
four-blade,counterroktinspropelle~s;the42,000-horsepowerairplanes
were assumedto be-powerbdby.twelm 3500~hor-pow’ere-s *iv~g u
six pairsof 15-footdiametarjelglrbblade,ooun@rrctatingPropellers.
Theseengineswere equippedwith @o-stage turb6superchargers,and . .
had a criticalaltitudeof 50,000”feet. The powerloadtngs#p~. :
in thispaperare basea on.21,0~ apd 42,000horsepm&r per airplane.
The assumedminimumspeoiticfuel c$onsmptionof the~e-en@~s at”.
variouspowersare given,in figure13. .“ ...-.

The propulsiveetiiciencyatsea level WE& assmeilto vary’..
~~ith“wlocitJas shownin figure14. Coolingpower w&3 assumed to- ...
be
in
of

.

proportional to brake
pqopeller efficiency.
propeller efficlency)

..-

horsepowerand was expressedas a reduction
The variationof coolhg power (~eduction
with altitudeis shownin figure15.

Qrag
. .

The parasite-dregcoefficientbasedon the effectivefrontal’
area of t~e fuselage,tailbofi,,and nacellssis assumeato
be O.10..This .sfalue”representstie drag of carefullydbsi~d .
airplanes(in the case of bombers,all turrets~tractea). Wings “
on theseairpl+es have a profile-dragcoefficientof about0.0090.
The drag coefficientof the thin-airfoiltailmrfaces was a88unk3a
to bS 0.0085. The,totalprofile-dragcoefficientor ths airplane .
is then: .

-. . .
. .

. c% = o..oogQ+.0.0085s$+ o.1%. ‘ ....- . ..
.- -...

. -.
. ...+..- . . :+ ... .

,, . . ,. .
. . .,

, . .
.
., , .

,

—-.=—. ..— — . .. . . —— . .—- -- —------- —- ——----. . .

.

,

—.-
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where the totaltailarea
frontalama we~ assmed

.

,@na the “fusel&@3,
to be as follows:

NACATN No* 1477 s

tail-boom;and nacelle
\

-.
..,. ” ---- .,

. ,.
“.

Bralm
horsepower

21,000
, .21,000

%?1,000-
42,000

“’.4&&
)

Type of I S-J
airplane s

Conventional
Tailboom -
Tailless
COnvOntiOtii
Tailboom
Tailless

0“.30
..g4’
J5
:30
.24
.15

-77
:Sq f’t)

170 .
316
66
184
13(J

The smKU changek@ frontalareawiti powsrcausedso little ‘
- difference‘h the profile-dragcoefficientsthat the curv6f3of .

relativedrag coefficientsof the threetypes”of airplanes
.,

~(fig.-16).showthe _ profile-dragcoefficientsfor the - ‘
. 21,000-horsepowerand.42,000-horsepowerairp@nes. . ‘ .

.

Xt tras.aseumed“thatthe aiz@anes w&% so designed“thattheir
criticalspeedwas n@ exceededin 16velflifjht.’‘ ,

.. “..
The idiucOd-@g coefficientwascalculatedfrom the convention

e~ression . .

,. .
&2 “

.. i ,~i=:+ . “
., .“

. . .-

where the aspectratio A. was 10 ~ the spanefficiencyfactor
was assumedto be 0.80.

The drag coefficientduringthe take-offwas determinedfrom

.

e

,

..

.“

in which’the effectof,groundproxjmi~ on the liftand the drag of ,
- the airplanewas not included.- The niinimumdrag coefficientduring
the take-offrun was assumedto be attainedat a,lift coefficient
of 0.28. The ground-frictioncoefficientp was assumedto be 0.020,
whichis the vqluegene@Jly used in connedti~ with concreterunwpys.

. .

. ..
. —— .— ——. — -—.——-.

...- -.
.-. . . . ... .
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The drag coefficientof the flaps ~hDs was assumed.tobe 0.0051

for half-span,balanoedsplitflapsha&ga chordof 0.20~ at
20° deflection.The landing-~ardrag coefficient~@a was

assimedto be equalto the profile*ag.of the cleanairplane. ..

.. :,
Wei& “

From studies”ofairplanew6i@@ the folJmwingweightswere
selectedfor WQ in the presentinvesti~tion: . .

(1)The laudinggmr is7peroentof the grosp~~ight..

(2)Weightsof the Wlratic”system. surfacecontrols,oab~
furni&ings,‘electricale~uipment,&d. cabinsuperobarg@-equipiwnt
are.?hown W, fi~ 17●

(3) A crew-of’ 10 ~m~~s w as-d for all airplanes.A
wei@t of 235 Qoun@ was allowedfor each crewnmibe~. ‘rhiaweight
inol@es oxygenequipmentand otherpersonalitems.

(4) ,~e instruments=a autopilotweighed650 pounds. ~

(5)me might of the communicationsystimis assuredto
be equalto O.003W.

- ‘(6) Wing we@ht iS detemI@@ by considerations of StZW@h. .
An e~ress+on equatingthe internalresisting moment to the exlmrnal ‘
bending moment at the”center section gives the fol.lming relationship:

W - (C~W2+ W~) fA3/2S1/2
.K=

W1 t

where
.,. ..

w airplanegrossweight ,

.

. .

W1 wing weight ., .

W2 , distributedload on wing

c1 distributed-loadeffectiveness(fora perfectlyms’ljributid
load, Cl.=1.0) .

. .
f desigQloadfactor(assumsdto be 4 in the presentinvestigation) .

. . . .

. ..-— . ----- -------- -7-— ..-—-— --- — —-~— --—. .—... .... —---- -——. --.—.... - .
.- . . . . .“. ,. .’. .-. .. -.
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1

A wing aspectratio
. .. .

t wing thiclmess(assumedto be 20--percent)-

and K is a coefficientdependenton the distributionof hi% along
the span,the strength-weightratioof the =terial used i.nthe
constructionof thewing,and the perfectionof & designas an
efficientweight-to-strengthbeem. we h.iaer’t.?.?evalueof K,
the more efficientis the beam as a weight-carry- structure.For
the purposeof thisanalysisa valueof K = 100,000 was u&d. Por
the k2,000-horsepowerairplapss, Cl was aesmed to be 0.90and
W2 to be o.5oW. For the 21~000-horsepowerairplanes, Cl was
assumedto be 0.85 and W2 to be 0.30w. “

Althoughthe tail-boomand the ta%ld.essairplaneswouldprabably
have slightlylowerwingwei@ts becauseof a betterloaddistribution,
the weightscalcula&Wlfor the conventionalairplaneswere used for
all ‘threetypesbecauseof the uncertaintyof the bsi~ and the ‘“
possibilityof otherfactorssuch”as the ihialuenceof flutterand
torsionalbendingon the wipg Weiglht.It was also assumedthatthe
smallamountdf sweepbackrequiredby the taillessairplaneswould
not appreciablyaffectthe wingwei@t.

-(7) we f~e~~ ~i@t of 1=~ conmntional airplanes ws
assumedto varyas the 1/3powerof the grosswpi@t. (Seefig. 18.)
The woi&htsof the f100ring,fittin$s,bomb-baydoors,and other
structuresusuallyin the fubelage,but necessarily=. the wings-of
the tail~boomand taillessairplanes,were arbitmrily chosenas
1/3 the fuselagewei~t of the conventimalairplane.

(8)The wi@ts of &e tailboomson the tail-boomairplane
were computedfrom considerationsof strength. Thesevahms were
approximatelyO.02W.

(9) me ~N@ts of tie tiil surf=;; were assumedproportional

to thewing weight,or equalto 0.43W~~.

(10) The wei@ts in pou@s of each power @ant unit and ,
accessories‘are:

Engine.. . . . . . . . .
Intercooler . . . . . . .
Superchar~r installation
Controlsand star’ting. .
Oilcookrs . . . . . . .
Water injector. . . . , .
Ducking . . . ... . . . .
shafting. . . . . . . . .

. . . . . ... .* . . . . . . . .

. . . . . . . . . . . . . . . . . .

. ..*.. . . ...* .,. .,O

. ..*.. . . . . . . . . . . . .

. . . . . . . . . . . . . ..06.

.. 0.., . . . . . . . . . . . .

. . . . . . . . . . . . .OO O..

. . . . . . . . . . . . . ...**

6750
● &lo
1750

● 200
. 600
600

: 400
. 400

— ——--—- —.-— —.----,—-— .-— --+ . —. --- — . .. ___ ..— .,
...- . . .,

-.
.. .. .. .. . . - ., ..-$ ,, . . .
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(U) The weights of the nac+.le- ~oups, are assumed
6000poundsand 12,000poundsfor &e” 21,000-horsepower
42, 000-horsepower airplanes, respectively.

to be
Eina

(1.f?)The total propell~ “wei&& for &; counterrotating
propellerswere determinedfromfigure19 to be 4200and 8400pounds,
respeo$ively,for th~ $?17000-horsepowerand 42,000-horsepowerairplanes.d f.. - . ...;. ;.. ;.: ..

(13)me weight of tti fuelor-”the.?iI..is 15.~:- duds”pey ,&a$I.o&
The weight of the fuel system is 0.55 pound per-”&@.$on’ ti the weight “
of the 011 system is 1.25 poundsper gallon. The tanksare assumed
to he carriedin *Q wings. Sufficient@ka* weightis inoludedto
obtainmaximumrangewith no pay loeil;It was asewmxithat3.gallon
of oil IS requiredfor every16 gallons of fuel.

. . . ..”,..., ,:-.. .

(14]All.other weights not specifie~,suchas armor,armament,
cargo, bombs, and passenger% were assumed to be part of the p~ UXMI. “
This load ~ be carried

The s~ace available

in ‘W ton or cmibination desired, .

Space ~ .: ‘i..

for theacmmnodation of mseengers or
cargowas computedfor each of t@ jin?eet~s of-airp&es (con-
ventional, tiil boom, and tailles-s) by detwmlning the floor area
overwhicha oeilingheightof 6 feet could.be obtalnmi. Passenger
accommodatikmswithinthe wing neverincludedmore than one deck
althoughtheaccommodatkmsin th8 fuselagemightbe ~rovidedin -
multipledecks. AU the pay load in the tatllessand tail-boa
airplaneswas assumedto be withinthe wing inaamuchas the tailless
airplaneshad no fusel,a~or “pod‘tand storagein the boomsof a
tail-boomairplanewouldprobablyoause@e centerof gravi@ to
be too far rearward. The pay loadwas ass-a to be carriedin
both the wingsand fuselageof the conventionalairplanes. The
fuselagesizewas assumedto be 100 squarefeet of frontalarea,
exclusive’of that submergedin the wing,and the usablelength -
was assumedto ~ 1/2 the wing eg@. “The spaceavailablefor pay
Uad wds thenconvertedintopassenger”oapac~tjby assumingthat
12 squarefeet of floorspacewouldbe req~d for eachpassengpr.
This amountof floorspace~r passengprwas determinedby an
analysisof present-daytransportairplanes,Sufficientspacewas
alwaysavailablefor mrrying the full disposableload in fuel withat
using s-pacewhichwas of suitablesizefOY!passengersor oargo.

,,. . . .
Generalcompuktionsof the spaceayailablefor thebomb load ‘

were not made, but investigations at several
that the airpl.anqs represented,..ontib charts
couldcarrytheirfull pay load‘inbollibs*

extremesfzeshii=tia
in.the presentpaper..-.

,

. .— -- ,------ - .-.—-. ;-. ”.- . ..— .- —- .. —.= —.. _—. T
—.-—-——————— -e—- - .- .— .
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. All W l?erfoze characteristicswere 00&&Oa in a c& .:

t~thnal mmner, ustngemstants and variab~asbased w the
aaswmp+i~O glv~Sn appendixA. “ . . “ ““ “ ‘. .

. .
. . . .

. . . . . .. . .
.-:. . . Z@@nam Speb

:. ,.
,Tha ImclmumspeedwaaO~utOa from the basicnlatidns: ... ..

.: ●
✎

✎ ✎

. -.

.
. . . .

I

.

Theseefiressionscan be conibinedto .@ve:

. .

w= e&3Sv@OP7j - CQ$SV3)

where V is,.irifeet@r second..Substitutingthe appropriate
constemts@ valuesof the variables V and S in the foregoing
eq~tion c& ~ve curves
And 5(a). .

.. .
. . .

..

of constantvel~ity as in fSgures3(a) -

Take-OYfDikr&.qce

The take-off distanoe (fjroundrun) on a levelfieldwith no ‘
.wti wa13c’~utOa. .

.

If it is assumedthat the tab-oft?dlstanoeis proportional
to the excess”*t at0.71 times the take-off speed, the following .
relations are obtained: -

*

,

.

.—.-—— —. — -— .—-— __ .—-—. -------- —.-,.= .. .’,., -.
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..VT2W- . -

where VT is the take-off sp6ed “ti feet per second and Tex~ the
excess thrust at 0.71VTs equals T - D where

. .. .

““ 550Pq- ‘“-
T=— H
-. 0.71VT- . - . .

..- .. .,
. .

D=% ~ S(().71~T)2

and .,. .

-.

i.

w/s ~ .,
vT:”———

.. ::-.... ..:%. : .

with ~ takenas 1.3. Theseformulascombineto give.. ..

.0.pv~%J
a , .-.:. ;*=

64 550Pq{ ~ ~ l% ; S(0.73.yT)3]}
.. .. . .... . . . . .. . . . .

.

where q is determinedfrom figure14 atO:~lV~’.’...By solvingthis
formulafor minimumtak-ff distanceovsra rangeof weightand
wing area and by plottingcuz’ves‘of’constantwing area,crossplots
of constanttake--c$fdistance~y. be.~de:as-.infigures3(b)an~5(b).

Rate of ClinibatMqx@mL/’D ,

Xt is assumedthatmaximumrate ok climboccursverynear
the speedfor the maximm.valueof the ratio of liftto.drag. The
formulaused.is: .. ....-

.. ... .,.. , . . ... ... .
. .. ... . ... .

33000P7 189pv3
I

.. . .. . Vc =
, ~. ; ;- W?

%0 ~ “ ..:: .
..,* ,;. .. . .. ... . . -

. . . .- . . .:.. . ... . ... . -.. . . ...

. . -.-. — - - -— .. .-.— . — -- - v-~ — -.—--——--——” —--”--———— “’——-.-..
..” . . . ., .. “
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where . V is the airspeedin milesper hour

.,

NACA ~- NO. 1477

qtmaxhm L@. andis

. .
,.

where
c.= If=

.. .

The rate of’cltibwill be”‘obta&d-at constaatindicatedatisp8ed.
Therefore,a correctionfor the accelerationmust be introducedby
multiplyingthe computedrate of climbby the appropriatevalues
takenfrom figure20. .. .

. . ..

SerVlceCeiling

Serviceceilingis ccmpute~as the altitudeat whichthe
maximumrate of climbequals100 feOtper minuteif the supercharged
engineis assumedto dqliverfu3Jpowerup to ~,000 feet. Service
ceilingsabove~,000 feetwerenot oonsidsredin the present
investietion. .

Rearrangingthe ~te -of-climbfo- gives

2WOO?D02W3
P
= (,33000Pq- 100W)%CL3

Thisformulais.solwd and the resultsare plOttOain the same
manueras take-offdistance. .

Ran&

The rangewas computedby use of Breguet’sformil.a:

Specificfuel consumptionis assuredto”be proportional.to the brake
horsepowerrequtrqdto fly at maximumlift-dragratiowhen rati of
climbequalszero. Propellerefficiencyand coolingpower~e taken
from figures14 and 15. The fuelweightis foundby addingall.the
weightsin the airplaneexcept.the”weightof the fuel,f@l system,
oil,and oil system. The fuel weightis thena constantpercentage
of the sum of the weightsof fuel,fuel system,oil,and oil system.

—. —---—. .- —.. - — —.-..—— .—----— — -- —.- --:—..:.. ,-..~ ?. .... . . .. .. . . .
.. --—. . —.
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mmIx c

GEmFLALm sExEcTIolvCHARTs

.

Methodshave been developedby the NACA (references2 and 3)
for presenting performance calculations by plottlng the perf’ormenoe
characterist~cs on identical ooordtnates of wing loading and power
loading, thus making it possible to choose the optimum performance
charaoteristios to meet a gfven set of ~qulrements.

‘~guree 4 end 6 show selection c~smade by superimposing
curves from figures 3 and5. Eaohpotnt on every chart represents
a consistent groupof airplaneoharaoteristios,Performancecharts,
suohas figures4 end 6, give a picture of the relation%etwem speedJ
r-e, o~imb,take-offdistenoe,snd servioeceiltigsnd relate
thesedaraoterlsticsto the principalairplanepimmmetersof wing -
loadingand powerloading. Thesechartsfacilitatethe selecticm
of the parameterswhichgive a certaintype of perfomanoe. The
chartsmay alsobe used,as in the presentpaper,to make generalized
comparisonsover a largerangeof welgjht,power,and whg areas

This systemshouldnot be interpretedas a new methddof
performancecalculationto supersedeaoceptedmethods,but rather
as an adaptationof aoceptedmethodsto makinggeneralized
calculatimsfor.meny airpleness

1. StabilityResearohDivision: lm ~terim Reporton the Stability
and Controlof TaillessAlrplenes, NACARep, No. 796, 1944.

2. Brevoort,MauriceJ●, Sticld.e,GeorgeW ●~ a ~Uz paflR ●:
@meralized SelectionCheztsfor BomberswitiFour 2000-Horsepower
mesa NACAMR, MEW 11, 1942. s
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